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This application claims the benefit under 35 U.S.C. § 119(e) of prior U.S. Provisional 
Patent Application No. 60/328,731 filed October 12, 2001, which is incorporated in its entirety 
by reference herein. 

The present invention relates to an apparatus and a method for performing a cardiac by- 
10 pass procedure, also referred to herein as an anastamosis. This invention further relates to grafts 
Mi for use in the repair, replacement, or supplement of a medical patient's natural body organ 
^ structures or tissues. The present invention also relates to methods and apparatus for delivering a 

graft to an operative site in a patient and for installing the graft at that site. 
m. Several procedures are known for revascularizing the human heart in order to treat a 

Q patient with one or more occluded coronary arteries. One of the earliest of these procedures 
W involves exposing the heart by a midline sternotomy. Following surgical exposure of the heart, 
y the patient's aorta and vena cava are connected to a heart/lung machine to sustain vital functions 
during the procedure. The beating of the heart is stopped to facilitate performance of the 
procedure. Typically, a suitable blood vessel, such as a length of the patient's saphenous (leg) 
20 vein, is harvested for use as a graft. The graft is used to create a new, uninterrupted channel 
between a blood source, such as. the aorta, and the occluded coronary artery or arteries 
downstream from the arterial occlusion or occlusions. A variation of the above procedure 
involves relocating a mammary artery of the patient to a coronary artery. Although the above- 
described sternotomy procedures grow more successful each year, the invasiveness of these 
25 procedures, the stopping of the heart, and the necessity for general anesthesia are significant 



disadvantages. Indeed, these disadvantages preclude the use of sternotomy procedures on many 
patients. 

More recently, less invasive procedures have been developed for revascularizing the heart 
without using the heart/lung machine ("beating heart" procedures). Two problems with "beating 
heart" coronary artery repair are the active movement of the beating heart and the challenge of 
creating anastamoses to the aorta and coronary arteries while they are filled with blood. Various 
devices and methods have been devised to attempt to immobilize the heart and create a bloodless 
field to facilitate such beating heart procedures. Drugs may be administered to the patient to 
slow the heart during the procedure, stabilizing devices may be placed on the surface of the 
heart, and shunts or snares may be introduced into or around the coronary arteries to allow 
stabilization of the coronary arteries and construction of the coronary anastamoses in a bloodless 
field. 

A less invasive method for revascularizing the human heart involves gaining access to the 
thoracic cavity by making incisions between the patienfs ribs. This procedure is known as a 
thoracotomy. A thoracotomy procedure is substantially less traumatic than a midline 
sternotomy, but it is still too traumatic for. some patients. An even less invasive procedure is 
known as thoracostomy, which involves the surgical creation of ports in the patient's chest to 
obtain access to the thoracic cavity. Specially designed instruments can be inserted through the 
ports to allow the surgeon to revascularize the heart without causing more significant trauma 
from a midline sternotomy. Thoracostomy bypass procedures are less traumatic than stemotomy 
bypass procedures, but the introduction of stabilization devices through thorocostomy ports is 
cumbersome, impractical, and of limited utility. Furthermore, bypasses to the coronary arteries 
that are located on dependent portions of the heart are not readily possible with this technique. 


Several patents have recently been filed or issued in the field of graft and stent assemblies and 
methods for use thereof. Of particular interest are the following U.S. Patents Nos. 5,702,412; 
5,944,019; 5,976,178; 6,026,814; 6,063,114; 6,068,637; 6,074,416; 6,120,432; 6,186,942; 
6,196,230; 6,206,912; 6,253,769; 5,456,712; 5,522,882; and U.S. Patent Application 2001- 
5 0003985 Al. All patents, applications, and publications mentioned here and throughout the 
application are incorporated in their entirety by reference herein and form a part of the present 
application. 

Accordingly, there is a need for a new improved method and apparatus for performing an 
O anastamosis. 

H 

S SUMMARY OF PRESENT INVENTION 

m 

3 The present invention relates to a graft delivery system, which includes a first elongated 

M instrument that is insertable into a patient's vascular system. The first elongated instrument 

y 

O preferably includes an aortic catheter and an aortic guide device, preferably an aortic guide wire. 
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W The aortic guide device is preferably capable of navigating the aortic catheter to the patient's 
aorta at a pre-determined location and may be capable of protruding outside of the aorta. 

The present invention also includes a second elongated instrument that is insertable into 
the patient's vascular system. The second elongated instrument preferably includes a coronary 
catheter and a coronary guide device that is capable of navigating the coronary catheter to a 
20 coronary artery of the patient at a pre-determined location. In the preferred embodiment, the 
coronary guide device is a coronary guide wire. 

The present invention also includes a retrieving device, capable of retrieving the aortic 
guide device and the coronary guide device. Additionally, the retrieving device is capable' of 


extracting the aortic guide device and the coronary guide device through a thoracic aperture in 
the patient. 

Furthermore, the present invention includes a third elongated instrument that is insertable 
from the exterior of the patient's thoracic region into the patient through the thoracic aperture. 
This third elongated instrument is navigated by the coronary guide device. Preferably, the third 
elongated instrument is within a graft that is to be used, for instance, in the by-pass procedure. 

Also, the present invention relates to a method for installing a graft that includes (a) 
inserting a first elongated instrument into the patient's vascular system; (b) navigating the first 
elongated instrument to a pre-determined location in the aorta of the patient; (c) protruding the 
aortic guide device from the aorta, thereby creating an aorta aperture; (d) inserting the second 
elongated instrument into the patient's vascular system; (e) navigating a second elongated 
instrument to a pre-determined location in the coronary artery of the patient; (f) protruding the 
coronary guide device to the outside of the coronary artery, thereby creating a coronary aperture; 
(g) creating a thoracic aperture in thoracic region of the patient; (h) retrieving the aortic guide 
device and extracting the distal end of the aortic guide device and retrieving the coronary guide 
device and extracting the distal end of the coronary guide device with the retrieving device from 
the thoracic region of the patient to outside of the thoracic region of the patient; (i) inserting the 
third elongated instrument through the thoracic aperture, wherein the third elongated instrument 
is within the graft, and the coronary guide device is threaded through the third elongated 
instrument to provide a navigation path for the third elongated instrument to the coronary 
aperture; (j) navigating the third elongated instrument with the graft to the coronary aperture; (k) 
attaching the distal end of the graft to the coronary aperture to make a fluid tight connection; (1) 
inserting the distal end of the aortic catheter into the proximal end of the graft and navigating the 


proximal end of the graft to the aorta aperture; and (m) attaching the proximal end of the graft to 
the aorta aperture to make a fluid tight connection. 

The present invention also relates to graft delivery systems and methods of installing a 
graft using a mammary artery or similar pathway. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are intended to provide further 
explanation of the present invention, as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

The foregoing features of this invention will be more readily understood by reference to 
the following detailed description, taken with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic diagram showing the heart, the aorta, and the first elongated 
instrument having the aortic catheter and the aortic guide wire, of an embodiment of the present 
invention; 

Fig. 2 is a detailed schematic diagram of the first elongated instrument; 

Fig. 3 is a cross-sectional schematic diagram of one embodiment of the second elongated 
instrument, which includes two hemostatic objects, a shaped perforating guide wire, and a 
flange; 

Fig. 4 is a cross-sectional schematic diagram of the second elongated instrument 
according to one embodiment of the present invention; 

Fig. 5 is a schematic diagram of the retrieving device; 

Fig. 6 is a schematic diagram of a thoracic catheter within the graft and a coupler 
attachable to the coronary artery and the graft; 


• 


Fig. 7 is a schematic diagram of the coupler as compressed in the conical-shaped device 
and the coupler after its release from the conical-shaped device; 

Fig. 8 is a schematic diagram of the thoracic catheter with the coupler positioned in the 
conical-shaped device; 

5 Fig. 9 is a schematic diagram of the position of the graft with respect to the sheath and 

the coupler; 

Fig. 10 is a schematic diagram of the concave curvature and the step-off of the third 
elongated instrument; 

a Fig. 1 1 is a schematic diagram of the conical-shaped device within the lumen of the 

n 

W coronary artery and the two hemostatic objects of the second elongated instrument; 

Fig. 12 is a schematic diagram illustrating the approach of the third elongated instrument 
r*"" with the coupler and the conical-shaped device towards the coronary artery; 

Fig. 13 is a schematic diagram illustrating one method of connecting the aortic catheter to 
□ the proximal end of the graft; 

Vi Fig. 14 is a schematic diagram illustrating one method of maneuvering the proximal end 

of the graft towards the aorta. 

Fig. 15 is a schematic diagram showing the severed mammary artery, the mammary 
guide wire and the coronary guide wire protruding outside of the patient's thoracic region and 
the mammary catheter inserted inside the mammary artery. 
20 Fig. 16 is a detailed schematic diagram illustrating one example of the coupler and the 

conical-shaped device at the severed end of the mammary artery. 

Fig. 17 is a schematic diagram illustrating one method of delivering a coupler attached to 
the severed end of the mammary artery to the coronary artery. 



Fig. 18 is a schematic diagram illustrating the appendages of the coupler that are 
deployed and are piercing the mammary artery. 


DETAILED DESCRIPTION OF PRESENT INVENTION 

5 The present invention relates to a graft delivery system that includes a first elongated 

instrument that is insertable into a patient's vascular system. The first elongated instrument 
preferably includes an aortic catheter and an aortic guide device. The aortic guide device is 
preferably an aortic guide wire. The aortic guide device is preferably a device capable of 
p navigating the aortic catheter to the patient* s aorta at a pre-determined location and optionally is 
ffl capable of protruding outside of the aorta. The present invention may also include a second 
elongated instrument that is insertable into the patient's vascular system. The second elongated 
— instrument preferably includes a coronary catheter and a coronary guide device that is capable of 
^ navigating the coronary catheter to a coronary artery at a pre-determined location. In the 
Q preferred embodiment, the coronary guide device is a coronary guide wire. The aorta guide 
device and the coronary guide device are generally of the same type of construction. 

The present invention may also include a steerable retrieving device capable of retrieving 
the aortic guide device and the coronary guide device. Additionally, the retrieving device is 
capable of extracting the aortic guide device and the coronary guide device through the thoracic 
aperture in the patient. Furthermore, the present invention may include a third elongated 
20 instrument that is insertable from the exterior of the patient's thoracic region into the patient 
through the thoracic aperture. This third elongated instrument is preferably navigated by the 
coronary guide device. Preferably, the third elongated instrument is inserted in the graft to be 




used in the by-pass procedure. The third elongated instrument preferably includes or is a thoracic 
catheter that is insertable through a thoracic aperture. 

In one example, the first and/or second elongated instruments or parts thereof, such as the 
coronary catheter can be inserted through the femoral or other peripheral artery. 
An airtight seal around the thoracic aperture's entry can be used to facilitate continued normal 
ventilation of the patient. The thoracic aperture's entry is preferably only as large as necessary to 
accommodate the third elongated instrument. More preferably, the thoracic aperture entry can be 
approximately equal to the largest of the diameters of the third elongated instrument, fiber optic 
light/camera system, a docking device, one end of the aortic guide wire and/or aortic catheter, 
and/or one end of the coronary guide wire. In the present invention, the most preferred diameter 
of the thoracic aperture is from about 5 mm in diameter to about 10 mm in diameter, though 
other diameters can be used. 

With reference to the figures, the present invention includes first elongated instrument 15, 
Fig. 1, inserted into a patient's vascular system. First elongated instrument 15 may include aortic 
^ catheter 1 7 and aortic guid^ device 20 that can be advanced into and within the aorta to a desired 
position. In the preferred ^b\)diment, aortic guide device 20 is an aortic guide wire. The 
catheters and guide devices cmbe^ commercially available tools. The reference to "aortic" for 
aortic catheter is to better explain the location of use of the catheter and the size and shape 
requirements that would preferably ^e used in view of its location of use. This would be true to 
20 the other terms preceding "guide wire\and "catheter" and the like. 

In the present invention, aortic guide device 20 can include a sharp end to perforate aorta 
5 and to protrude outside of aorta 5. In the preferred embodiment, aortic guide device 20 is an 
aortic guide wire. Furthermore, first elongated instrument 15 may include at least one aortic 
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stabilizer 25, Fig. 2, to place and hold the instrument in a predetermined location. Aortic 
stabilizer 25 may be or include a retractable pin(s), a barb(s), a balloon(s), or any combination 
thereof, and may be located at the distal end of the aortic catheter. In the preferred embodiment 
of the present invention, aortic catheter 17 may have a hollow distal chamber, similar to a pill- 
shaped form, which can occlusively be pushed or pulled up against the internal wall of aorta 5 in 
the manner such that an aperture can be created in the wall of aorta 5 for deployment of aortic 
guide device 20 and/or aortic catheter 17. In the preferred embodiment of the present invention, 
aortic catheter 1 7 also includes a balloon at its end. 


□ The second ^longated instrument that is insertable into the patient's vascular system 

P includes a coronary catheter and a coronary guide device. The coronary guide device, which is 
preferably a flexible coronary guide wire is directed towards the coronary artery to preferably 
^ perforate the coronary aitery at a predetermined location and can protrude outside of the 
Q coronary artery. The coronary guide device may include at least one radio-opaque marker to 

5 - £ . / 

Q determine its location withinXthe coronary artery. The second elongated instrument may 
H optionally include at least on^n^mostatic object 50, Fig.3, to block blood flow. Hemostatic 
object 50 is preferably a balloon.\ Hemostatic object 50 may include a first channel that prevents 
blood flow blockage by directing \the blood flow from one side of the hemostatic object to the 
second side of the hemostatic object. The guide device can perforate the coronary artery or be 
used to guide an aperture-creating device. 


20 In the preferred embodiment of the present invention, hemostatic object 50 may include a 

perforating guide device 45 in a second channel. This perforating guide device 45 is preferably 
used to perforate coronary artery 62 at a predetermined location and can protrude outside of 
coronary artery 62. Preferably, the coronary guide device is used to direct the second elongated 


instrument to coronary artery 62. The coronary guide device may include at least one radio- 
opaque marker to determine its location within the coronary artery. Perforating guide device 45, 
which preferably is a T-shaped perforating guide wire, can be aligned after the second channel is 
correctly oriented. The orientation of the second chaimel can in turn be determined by verifying 
the orientation of the appropriate radio-opaque markers on the coronary catheter. This 
orientation is maintained to ensure proper orientation of a dilator. 

Perforating guide device 45 can be flexible with a sharp end to perforate the coronary 
artery. In the preferred embodiment of the present invention, second elongated instrument 60 
may also include a 60 - 90 degree (or any angle) flange 56 to direct T-shaped perforating guide 
device 45 towards the coronary artery wall to perforate the coronary artery. 

More preferably, second elongated instrument 60 also includes second hemostatic object 
55 positioned, with respect to hemostatic object 50, to form hemostatic chamber 65 within the 
coronary artery. First hemostatic object 50 and second hemostatic object 55 of the preferred 
embodiment include first channel 40 that extends between first hemostatic object 50 and second 
hemostatic object 55. In the preferred embodiment of the present invention, first hemostatic 
object 50 and second hemostatic object 55 are balloons. First channel 40 directs the blood flow 
from side 52 of first hemostatic object 50 blocking the blood flow to side 70 of second 
hemostatic object 55. 

The coronary guide device can have two hemostatic objects 50 and 55, first channel 40, 
T-shaped perforating guide device 45 and 60 to 90 degree flange 56 at the end of T-shaped 
perforating guide device or a similarly shaped device. The T-shaped perforating device ensures 
that a dilator, as will later be described, is properly oriented by using an adaptor on the dilator 



12 

end designed to receive T-shaped perforating guide device 45 to prevent undesired perforation of 
coronary artery 62 in an improper orientation. 

Second elongated instrument 60 may advance over the coronary guide device within the 
vascular system to a site, preferably within the distal coronary artery of adequate diameter with 
5 minimal atherosclerotic disease, and beyond the coronary occlusion or stenosis, where at 
hemostatic balloons 50 and 55 may be inflated to contact the inner side walls of the coronary 
artery and seal the blood flow. In this example, first channel 40 conducts coronary blood flow 
from side 52 of hemostatic object 50 to side 70 of hemostatic object 55. T-shaped perforating 
y guide device 45 may then be advanced through the second channel and can be directed at a near 
ffi perpendicular angle by retractable or permanently positioned flange 56 such that T-shaped 
yfl perforating guide wire 45 punctures the external coronary artery sidewall at a position 
s approximately midway in chamber 65 created by hemostatic object 50 and hemostatic object 55. 

Fig. 4 is a cross-sec*ional schematic of one example of a second elongated instrument 


illustrating T-shaped perfomtij^ guide wire 45, coronary guide wire 35 (which guides the second 
a elongated instrument to the coronary artery) and first channel 40. 

Retrieving device 71, Fig. 5, which is steerable and which receives, secures, and 
exteriorizes the terminating end of the aortic guide device and the coronary guide device, or 
preferably T-shaped perforating guide device is advanced into the thoracic region of the patient 
to make contact with and secure to the terminating end of the guide devices. Retrieving device 
20 71, can include retractable pins and/or hooks that are able to secure the terminating end of the 
guide devices, bio-compatible adhesive or sealant that are able to achieve or provide temporary 
adhesion of the guide devices, or magnetically, electrically or otherwise attaching devices. In the 
preferred embodiment, retrieving device 71 and the end of the guide devices can be magnetized 



or be adapted to possess opposite polarities to improve the connecting ability of the two 
components. 

For example, a positively charged (magnetized) aortic guide device end is attracted to and 
can engage a negatively charged retrieving device 71, and a negatively charged aortic guide 
5 device end is attracted to and can engage a positively charged retrieving device 71. In the 

f , preferred embodiment, the end of retrieving device 71 is conical in shape to form a docking cone 

.1 

72, with a wide opening at its end. Therefore, the aortic guide device and the coronary guide 
device can readily contact and secure docking cone 72. Aortic guide device 20 penetrates the 

Mi- 

Q face of retrieving device 71, such as a docking cone 72, and cylindrical wall 73 of retrieving 
W device 71 guides aortic guide device 20 as it is further inserted into and secured to the retrieving 
fi device. Preferably, aortic guide device 20 is passed through apical aperture 74 in docking cone 
r" 72 and passed externally through the thoracic aperture. In a preferred embodiment, the positive 
M: or negative charge resides in apical aperture 74 so as to appropriately attract the guide device to 
O the apex of the cone. Retrieving device 71 can then be withdrawn, retaining the aortic guide 
K device externally. 

The same process can be repeated for the coronary guide device. In the preferred 
embodiment, the guide devices are located under video and/or fluoroscopic guidance. In the 
preferred embodiment, capture of the coronary guide device or preferably the T-shaped 
perforating guide device may be facilitated by inflation of a balloon near the terminus of this 
20 device, which will serve to "suspend" the tip of the coronary guide device or preferably the T- 
shaped perforating guide device within the pericardial space. 

The third elongated instrument preferably is or includes thoracic catheter 80, Fig. 6 and is 
inserted within the graft. A coupler is preferably placed on each end of the graft. This coupler 
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can be at least one prong, at least one staple, at least one pin, at least one barb, or any 
combination thereof. One example of such coupler is coupler 75. Coupler 75 may be 
deformable, may contain biocompatible sealants, and/or may include at least one sharp prong. In 
the preferred embodiment, the prongs or distal end 76 of coupler 75 attaching to the coronary 
artery and to the aorta, for instance, expand to an external diameter of 5 to 10 mm. Other sizes 
can be used. More preferably, coupler 75 may include a ring of fine wire or other material that 
can be compressed in a spring-like manner. First coupler 75 is most preferably a compressible 
ring. Ring 120, Fig. 7, expands within the lumen and conforms to the internal geometry of the 
vessel upon its release from a conical-shaped device and is shown at 125, Fig. 7. A conical- 
shaped device can be any device that includes reduced or tapered ends and that can enter into an 
artery or the aorta. In one embodiment of the present invention, the coupler at each end of the 
ffl graft can be deformable, and preferably made of Nitinol or stainless steel, polyimide, other 

s 

□ super-elastic alloys, and the like. More preferably, the coupler at each end of the graft includes a 
^ ring that connects to the graft by means of arms of distensible wire to which are attached barbs or 
other means of penetrating the graft wall. Ring 120, Fig. 8, preferably is within conical-shaped 
device 95, which is located at each end of the graft 110. In the present invention, it is preferable 
to compress ring 120 into conical-shaped device 95 at the exterior of the patient's thoracic 
region. In one example, conical-shaped device 95 may be integrated into each end of graft 110 
and a ring, fine wire or other material can be compressed in conical-shaped device 95. 
20 Ring 120, Fig. 9, may connect to the graft by means of arms of distensible wire to which 

are attached sharp, downward-directed or otherwise barbed, flexible appendages as shown at 85, 
Fig. 9. The appendages may include prongs, staples, pins, metallic or plastic bars, or a 
combination thereof. 


m 
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The graft material of the present invention is preferably a length of saphenous vein or 
mammary artery (IMA) on the exterior or the interior of the thoracic catheter. Other graft 
material can be used such as artificial grafts and the like. Preferably, appendage 85 couples to 
graft 1 10 by hemostatic object 130 that can also act as a forcing instrument. Hemostatic object 
130 may be a balloon, spring, or a combination thereof. More preferably, hemostatic object 130 
is a balloon. 

In the preferred embod^ent of the present invention, the thoracic catheter of the third 
elongated instrument may iniluas concave curvature 135, Fig. 10, to evert graft edge 145 
outwards and a step-off 140 to limjt the advancement of a dilator. 



1^ Enlarging instrument 152, Fig. 1 1, is preferably located within the distal end of graft 110, 

fil and more preferably at the distal end of conical-shaped device 95. In the most preferred 

m 

embodiment, enlarging instrument 152 is located at the end of conical-shaped device 95, wherein 
M conical-shaped device 95 includes a 90 degree or other angle. However, enlarging instrument 
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M 152 can be located anywhere so long as it is capable of creating a circular arteriotomy into which 
§6 conical-shaped device 95 can be inserted. In one embodiment of the present invention, enlarging 

instrument 152 can be a dilator or a cutter, and the dilator . may be passed over the coronary or 

aortic guide device prior to passage of the thoracic catheter and graft. 

Dilator/cutter 152 may open tissue external to the coronary artery or aorta to exceed the 

external diameter of the graft material so that this extraneous tissue does not impinge on the 
20 anastamosis. The edge of dilator/cutter 152 may be beveled to form a sharp edge. Dilator 152 

can be adapted to have a groove or a receiving site for the T-shaped perforating guiding device to 

assure proper orientation of the dilator/cutter. The advancement of the dilator/cutter may be 



limited by hemostatic object 200 acting as a "stopper" or by the dimensions of the aortic catheter 
and/or the diameter of the step-off. 

In one embodiment of the present invention, dilator/cutter 152 can be tapered so that the 
coronary or aortic aperture is substantially less than the external diameter of graft 110. Dilator 
152 may be configured with a tapered circular tip expanding to a diameter of approximately 3 
mm at a distance equal to approximately one-half the distance between hemostatic objects 200 
and 250, such that a circular aperture is created in the coronary artery at a point halfway between 
hemostatic objects 200 and 250. 

In the present invention, the coronary aperture is preferably of a pre-determined size 
created by the diameter of dilator 152. In an embodiment wherein a dilator is passed prior to 
passage of the thoracic catheter, the dilator could widen to dimensions of approximately 8 mm 
long by 5 mm wide for a distance of approximately 1 cm beyond its 3 mm diameter coronary 
aperture point so that epicardial fat or overlying muscle can be effectively cleared from a 
position overlying the coronary, thereby avoiding the potentially deleterious incorporation of 
these tissues in the coronary anastamosis. The size of the dilator/cutter can vary based on the 
diameter of the target artery and/or the planned cross-sectional area of the anastamotic device. 

An aortic dilator may be circular or of other configurations and is from about 2 mm to 
about 8 mm, such that the size of the aperture created is smaller than that of the graft and the 
expanded aortic anastamotic mechanism. This aperture, as with the coronary aperture, may be 
post-dilated with larger dilators after completion of the anastamosis to accommodate the size of 
the graft. 

Marker 160, which is preferably a radio-opaque marker, can be placed within graft 1 10 to 
detect the position of graft 110. Hemostatic object 165 can be the forcing instrument that 



attaches appendage 85 of the coupler to graft 1 10, or appendage 85 may passively fix to the graft 
after removal of the sheath. Furthermore, the third elongated instrument, which is preferably a 
thoracic catheter, may include a fiber optic light/camera system. However, the light/camera 
system may also be in a separate elongated instrument. 
5 The apparatus discussed above can also be used for performing an anastamosis using a 

mammary artery. The preferred method of performing anastamosis using a mammary artery is 
described later. 

In a preferred method of the present invention, first elongated instrument 15, Fig. 12, can 
^ be inserted into aorta 5. The first elongated instrument 15 preferably includes aortic catheter 17 
W and aortic guide device 20. Aortic guide device 20 with or without aortic catheter 17, can be 
2 capable of creating an aperture through the aorta wall. Essentially, aortic guide device 20 is 
ffi preferably used to navigate to the desired location of the aorta wall for purposes of creating the 
□ aperture. Aortic guide device 20 can be used to initiate the aperture at a desired location in the 
W aortic wall. The creation of the aperture can be done, for instance, by mechanical means or light 
y energy means. The aperture permits first elongated instrument 15 and/or aortic guide device 20 
to protrude through the aperture. First elongated instrument 15 and/or aortic guide device 20 can 
be introduced through peripheral artery and preferably through the femoral artery of a patient 
located in the leg of a patient. 

The second elongated instrument (e.g., the coronary catheter with coronary guide device) 
20 can also be introduced through the femoral artery of a patient and along the aortic passage. This 
second elongated instrument passes the location of the aperture created by first elongated 
instrument 15 and/or aortic guide device 20 and further passes through any existing blockage, 
e.g. blockage 21, Fig. 12. Once past blockage 21 (in other words, below the blockage), the 


coronary guide device, or more preferably T-shaped perforating guide device 45, can be used to 
create an aperture below the blockage. In the preferred embodiment, T-shaped perforating guide 
wire 45 protrudes through the coronary artery. 

Upon the creation of the first and second apertures, an aperture is then created in the 
5 thoracic region of the patient (in other words, the chest of the patient.) At this point, a steerable 
retrieving device is introduced through the aperture in the thoracic region of the patient. This 
device retrieves the guide wires and/or the aortic catheter, which are protruding through the aorta 
aperture and the coronary aperture. The retrieving device can retrieve the guide wires and/or the 

£ - 

Q aortic catheter by mechanical methods, magnetic methods, or other attachment methods that are 

5-g-r 

^ capable of grabbing the guide devices and/or the aortic catheter at each aperture location. For 
instance, the device with the necessary retrieving means can first go and retrieve aortic guide 
device 20 and/or aortic catheter 17 protruding from the aorta aperture. The retrieving device 

M then preferably navigates aortic guide device 20 and/or aortic catheter 17 to the exterior of the 

h I ' 

Q patient through the aperture created in the thoracic region. In the same manner, the coronary 
Pi guide device (or T-shaped perforating guide device 45) protruding from the coronary aperture 
can be retrieved and also brought to the outside of the patient through the aperture created in the 
thoracic region. Thus, the distal ends of both guide devices and/or the aortic catheter are then 
both located outside the chest wall of the patient. 

A sh^th, a coupler and a conical shaped-device are preferably attached at each end of 
graft 360 (p^c^imal end and distal end). Additionally, the third elongated instrument, e.g., 
thoracic catietdr^305, Fig. 12, preferably with hemostatic object 320 are placed into graft 360. 
Fig. 12 illustrates sheath '3 10, coupler 340 and conical-shaped device 330 at the end of graft 110 
closer to the coronary artery. 


In a preferred embodiment of the present invention, sheath 310, which prevents 
appendage 350 of coupler 340 to penetrate graft 360, may be held in its position by inflating 
hemostatic object 320 such that the tension exerted by hemostatic object 320 against appendage 
350 and sheath 310 holds sheath 3 10 in its position against graft 360. 
5 Coupler 340 can be attached onto graft 360 preferably at the end of graft 360 by means of 

the appendages 85. In a preferred embodiment, the proximal coupler is placed, followed by 
placement of the distal coupler and the thoracic catheter. Coupler 340, while it can have any 
design, preferably has a following design: 
O The attachment of coupler 340 onto graft 360 can be done by any conventional means 

such as barbs, or can be sewed onto the graft. The ring is preferably attached to the graft by 
locking barbs that are tension loaded such that the barbs release upon the tension being removed. 
^ The tension is removed by way of withdrawing a retaining sheath, such that the barbs are 
Q deployed into the graft wall. The sheath may exist separately from the thoracic catheter, or may 
□ extend as a skirt from the conical device. The sheath may be withdrawn or otherwise moved to 
H5 uncover the appendages prior to or after advancement of the graft onto the guiding devices. The 
ring of the preferred embodiment is compressed and can be placed in a conical-shaped or other 
shaped device such as conical-shaped device 330. Conical-shaped device 330 may also include 
an aperture through the tip of the cone that permits the insertion of the coronary guide device 
(e.g., perforating guide device). The guide device is preferably threaded through the conical- 
20 shaped device and the inner diameter of the graft to provide a navigation path for the graft to the 
site of the coronary aperture. 

The third elongated instrument preferably containing at least one hemostatic object, 
which holds appendage 350 of coupler 340, sheath 310, and graft 360 in place, can be used to 



navigate and direct coupler 340 and graft 360 to the coronary aperture site. The third elongated 
instrument preferably with the hemostatic object 320 is preferably used to stabilize the 
movement of graft 360 relative to the coronary aperture site. Additionally, as vAll later be 
described, the third elongated instrument with preferably the hemostatic object permits the 
releasing of the flexible ring from the conical-shaped device, which further releases the attached 
barbs or other connecting means onto the wail surrounding the coronary aperture site. 

With the conical-shaped device and the ring properly positioned at the end of the graft, 
sheath 310 can be withdrawn, exposing appendage 350 of coupler 340. The hemostatic object 
320 can then be expanded, driving the barbs or other attachment means of appendage 350 
through graft 360. Additionally, the process of driving the barbs can also occur due to passive 
expansion of these barbs. In one embodiment, an external collar against which the barbs can be 
driven is added and can serve as an additional hemostatic or biologic functions. 

The conical-shaped device is then inserted into the coronary aperture preferably to a point 
where conical-shaped devic^e passes entirely through the coronary aperture. This is preferably 
accomplished by a dilator at the end of the conical-shaped device 330. At this point, the 
hemostatic object or balloon in the interior of the graft remains inflated so the hemostatic object 
or balloon still presses against the coupler and the graft. An inner-most element of the third 
elongated instrument which distally is attached to the conical-shaped device can then be pushed 
forward while the coupler is held in place by holding the hemostatic object in position (the inner- 
most element of the third elongated instrument can slide relative to the component of the third 
elongated instrument to which the hemostatic object is attached). This pushing movement of the 
conical-shaped device, while maintaining the location of the graft, releases the compressed ring 
from conical-shaped device 330. The releasing of the compressed ring thus permits the now 


uncompressed ring, with one end attached to the graft, to press against the entire circuhiference 
around the coronary aperture. This action further releases and imbeds any attachment means, 
such as barbs, into the interior wall of the coronary artery surroimding the coronary aperture, and 
creates a fluid tight connection by transferring the tension exerted by the expanded ring through 

5 the distensible arms to the appendages. At this point, a bio-adhesive or other sealing agents can 
be used to ftuther ensure a fluid tight connection between the graft and the walls surrounding the 
coronary aperture. In a preferred embodiment, the creation of the aperture by the dilator located 

^ at the distal end of conical-shaped device and deployment of the coupler is nearly a continuous 

□ process. 

EQ At this point, the conical-shaped device, which is preferably collapsible and flexible, can 

2^ be withdrawn from the coronary artery through the graft and to the exterior of the patient by way 
of the thoracic aperture. This would also be true for collapsible hemostatic object, and the third 
elongated instrument. 


-tr 


As discussed above, using the aortic guide device, the aorta catheter with balloon can be 
15 inserted through theVemoral artery of the patient and pass through the aorta and through the 
aortic aperture and therMhe thoracic aperture to the exterior of the patient. The distal end of the 
coronary guide device or\the T-shaped perforating guide device can then be inserted into the 
aorta catheter and fed c|)mplebely through to the femoral artery or other entry point of the patient 
such that the distal end of theWVonary guide device or the T-shaped perforating guide device is 
20 visible at this location. InSthe4ltemative, if the length of the graft is long enough to be visible or 
to be physically outside of the thoracic aperture, the aorta catheter preferably with a balloon can 
be inserted into the unattached end of the graft without the need to feed the coronary guide 
device or T-shaped perforating guide device into the aorta catheter. This would be a more 
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simplified approach if it is physically possible due to the length of the graft. Either approach can 
be used depending upon the circumstances and the length of the graft. 

The aortic catheter with balloon is inserted into the proximal (unattached) end of graft 
such that the balloon engages the coupler at the proximal end of the graft to navigate the 
proximal end of the graft to the aorta aperture site. As indicated above, the use of the coronary 
guide wire or T-shaped perforating guide device, with the feeding of this device into the aortic 
catheter, is for purposes of guiding the aorta catheter preferably with a balloon into the 
unattached (proximal) end of the graft. Thus, the coronary guide device or T-shaped perforating 
M guide device makes it quite possible to navigate the aortic catheter with balloon into the proximal 
.10 end of the graft. Upon reaching the site, the aortic catheter with the balloon is withdrawn 
Ifl towards the aorta aperture to a point where the end of the graft is prepared for attachment onto 
H the wall surrounding the aorta aperture. A coupler, such as described earlier, is used at this end 
H of the graft 360 to attach onto the aorta, in a similar manner as the coupler that was used to attach 
the distal end of the graft now attached to the coronary artery. In other words, a compressed 
1^ tension loaded ring has been previously attached onto the proximal end of the graft and a device 
similar to the conical-shaped device is preferably used to keep the releasable ring in a 
compressed state. 

The aortic catheter withiballoon is preferably inserted through the aperture of the second 
^ ^ conical-shaped device. Once t^ conical-shaped device is holding the compressed ring, the 
^ 20 balloon can be expanded to press against the graft and/or coupler, which permits the ability to 
maneuver and navigate the graft tQjMe aorta aperture. Once at the aperture site, and after traction 
with the balloon on the coupler has ca^^sed the conical-shaped device to enter through the aortic 
aperture, the balloon can be deflated slightly in order to avoid pressing against the graft wall 
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while having a sufficient cUameter to press up against the conical-shaped device and to remove 
the conical-shaped device frW the compressed ring. This procedure permits the ring to release 
to its normal diameter and attach onto the wall surrounding the aorta aperture, and thereby 
attaching the proximal end ofjthe^aft onto the aorta wall. The aortic catheter with balloon and 
the conical-shaped device can\jhen\]mretrieved from this area by retracting the coronary guide 
device (if used) or preferably T-shap^d perforating guide device 45 (if used) and aortic catheter 
with balloon through the original entr^ po^nt of the femoral artery at the leg site. Again, bio- 
adhesive or other sealing means can be used to further ensure a fluid tight connection between 
the graft and the wall surrounding the aorta aperture. 
hQ With respect to a bypass conducted on the mammary artery, in this procedure, a thoracic 

y3 aperture can be created in order to obtain access to the desired mammary artery to be used for the 
OQ bypass procedure. Then, using conventional surgery techniques, one end of the mammary artery 
J=f can be cut (using, for instance, a thoracoscope) in order to create a distal end or severed end of 
pi the mammary artery. This end of the mammary artery can then be prepared for attachment onto 
^ the coronary aperture. 

With respect to the bypass procedure using a mammary artery, once the mammary artery 
is severed to create a severed end of the mammary artery, the mammary guide device is 
navigated to a point where the mammary guide device exits out of the severed end of the 
mammary artery and is preferably exited outside of the thoracic aperture to the point where it is 
20 visible. Then, a thoracic catheter can be inserted along the mammary guide device such that the 
thoracic catheter enters the severed end of the mammary artery and is navigated such that the 
distal end of the thoracic catheter exits out of the entry point where the mammary guide device 
was originally inserted into the patient. At this point, the distal end of the thoracic catheter is 
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visible at the insertion point of the mammary guide device and the proximal end still preferably 
is external to the thoracic aperture such that it is visible as well. At this point, the mammary 
guide device can be withdrawn from the patient. 

Also, the coronary guide device can then be navigated such that the distal end of the 
5 coronary guide device exits out the thoracic aperture as well. At this point, the distal end of the 
coronary guide device is visible as well as the proximal end of the thoracic catheter. The distal 
end of the coronary guide device can be fed through the proximal end of the thoracic catheter 
and then navigated such that it also exits out of the original insertion point of the mammary 
guide device in the patient. Once this is accomplished, the proximal end of the thoracic catheter 
W can be navigated such that the proximal end of the thoracic catheter is guided to the severed end 

S*"*3 

of the mammary artery and actually is inserted in the severed end of the mammary artery. 

1' In a preferred embodiment, the proximal end of the thoracic catheter has a hemostatic 

^ device or an inflatable balloon and once inserted into the severed end of the mammary artery, 
Q can be inflated such that the balloon presses up against the walls of the mammary artery and thus 
^ the manmiary artery by way of the thoracic catheter can be guided along the coronary guide wire 
to the coronary aperture. In a preferred embodiment, just as in the above-described bypass 
procedure, the coronary guide device is fed through a conical-shaped device which holds a 
compressible coupler that is attached to the severed end of the mammary artery. The coronary, 
guide device, once inserted into and through the coupler, preferably through the conical-shaped 
20 device in a preferred embodiment, which also includes inserting through the thoracic catheter, 
actually exits out of the insertion point of the mammary guide device of the patient. 

The thoracic catheter along with the severed end of the mammary artery can then be 
guided to the coronary artery aperture and C9upled to the coronary aperture in the same manner 
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as described above using the same release procedure described above. Afterwards, the various 
catheters and guide devices can be withdrawn from the original insertion points of the patient. 

Thus, the procedure remains the same wherein a mammary guide wire is introduced like 
the first elongated instrument discussed earlier, through the mammary artery and exited through 
5 the thoracic aperture region and, after positioning of a thoracic catheter with a coupler 
^. mechanism over the mammary guide wire, the mammary guide wire is removed and the 
coronary guide device is fed through the end of the thoracic catheter and is used to guide the cut 
end of the mammary artery to the coronary aperture. The coronary guide device or second 

o ■ 

Q elongated instrument is the same as described previously and is introduced in the same way and 

^=~" 

O creates a coronary aperture in the same way as discussed above. 

ff, A thoracic catheter is fed through the mammary artery to the point where the thoracic 

□ catheter preferably with a balloon is fed through the cut end of the mammary artery such that it 
y enters into the interior of the cut mammary artery to an extent such that the balloon with the 
O thoracic catheter can be expanded in order to press up against the coupler deployed at the distal 
15 end of the mammary artery sufficiently to be able to navigate and direct the cut end of the 
mammary artery to the coronary aperture site. Once at the coronary aperture site, the same 
coupling as described above and the same procedure used to release the conical-shaped device or 
other releasing mechanism used with respect to the coronary aperture can be used here as well. 
After releasing the attachment means, such as the ring, in order to create a fluid tight connection 
20 at the coronary aperture, the thoracic catheter preferably with balloon can be withdrawn from the 
' original entry point of the patient as well as the coronary guide device. 

For example, and in more detail, an aperture of from about 1 to about 7 millimeters in 
diameter is created to dissect the mammary artery away from the chest wall and cut one end of 
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the mammary artery in order to create a severed end or distal end of the mammary artery. 
Preferably, an endoscopic camera is used to help with this procedure. The mammary guide 
device and/or first elongated instrument, which is preferably the mammary catheter is inserted 
into the mammary artery prior to transection. At this point, preferably the hemostatic object is 
inflated to stop any blood flow. The mammary guide device then exits the cut end of the 
mammary artery. A second elongated instrument, which can be similar to the second elongated 
instrument discussed previously, passes through any existing blockage. The coronary guide 
device preferably protrudes through the coronary artery. The coronary guide device and the 
mammary guide device are retrieved by a retrieving device and extracted through the thoracic 
aperture by the same procedure and device as previously discussed above. 

Once the mammary guide device and the coronary guide device are preferably extracted 
outside of the patient through the thoracic aperture the mammary guide device can be used to 
deliver a third elongated instrument to the distal end of the mammary artery. The third elongated 
instrument is preferably the thoracic catheter. In the preferred embodiment, the coupler is placed 
at the end of the thoracic catheter. Preferably, the coupler is a compressible ring that is placed 
inside the conical-shaped device at the end of the catheter. The thoracic catheter is preferably 
used to deliver the coupler to the distal end of the mammary artery. However, the coupler within 
the conical-shaped device can also be delivered by mammary artery catheter from inside the 
patient's vascular system. 

The procedure for delivering the distal end of the mammary artery to the coronary artery 
and attaching the mammary artery to the coronary artery are similar to the previously discussed 
procedure for delivering and attaching the distal end of the graft to the coronary. More 
specifically, a thoracic catheter containing the coupler and the conical-shaped device (analogous 
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to the thoracic catheter for use with the saphenous graft) can be passed through the mammary 
catheter and/or over the mammary guide device in a maimer analogous to loading of the distal 
end of the vein graft. The mammary guide wire can then be removed. The coronary guide wire is 
then passed through the central lumen of the conical shaped device and the thoracic catheter as 
5 previously described. The thoracic catheter can then be positioned fluoroscopically at the distal, 
transected end of the mammary artery, as previously described, the thoracic catheter balloon is 
inflated, holding the coupler in position relative to the sheath, and the sheath and/or conical- 
shaped device can then be advanced, allowing deployment of the graft appendages. The 

p mammary coupler can then be deployed over the coronary guide device as for the saphenous 

rf© vein distal anastamosis. 

vssr 

In one example as shown in Fig. 15, once mammary artery 500 is severed to create a 

m 

^ severed end of the mammary artery, mammary guide device 515 is navigated to a point where 

1^ mammary guide device 515 exits out of the severed end of mammary artery 500 and is 

111 

Q preferably exited outside of the thoracic aperture to the point where it is visible. In the preferred 
M embodiment, mammary catheter 505 also includes hemostatic objects 510 to prevent bleeding 
from the severed end of mammary artery 500. Once mammary guide device 515 is outside of the 
thoracic aperture, thoracic catheter 520 can be inserted along mammary guide device 515. Also, 
coronary guide device 540 can be navigated such that the distal end of coronary guide device 540 
exits out of the thoracic aperture as well. At this point, the distal end of coronary guide device 
20 540 is visible as well as the proximal end of thoracic catheter 520. 

Fig. 16 illustrates the proximal end of thoracic catheter 520, hemostatic object 560 or an 
inflatable balloon, coupler 570, and conical-shaped device 580. Once thoracic catheter 520 is 


inserted into the severed end of mammary artery 500, hemostatic object 560 can be inflated such 

that balloon presses up against the walls of mammary artery 500. 

In Fig. 17, coronary guide device 540 is fed through conical-shaped device 580 which 

holds coupler 570 that is attached to the severed end of mammary artery 500. Coronary guide 
5 device 540 guides coupler 570 and unattached end of mammary artery 500 to coronary artery 

585. Fig. 18 illustrates appendages 590 that are deployed and are piercing mammary artery 500. 

Additionally, in Fig. 18, thoracic catheter 520 along with the severed end of mammary artery 500 

are guided to the coronary artery aperture and coupled to the coronary aperture. 
Q The following U.S. patents provide components that can be used in the systems, devices, 

P) and methods of the present invention and are incorporated in their entirety by reference herein 

q 

^ and form a part of the present application: 6,206,849; 6,165,140; 6,165,139; 6,162,246; 

in 

^ 6,157,852; 6,146,355; 6,146,339; 6,083,234; 6,056,719; 6,036,682; 6,340,441; 6,241,667; 

^ 6,224,585; 6,214,016; 6,210,312; 5,976,107; 5,957,940; 5,843,028; 5,830,178; 5,718,683; 

□ 5,662,675; 5,662,614; 5,575,771; 5,554,139; 5,549,553; 5,484,565; 6,033,378; 6,030,413; 

m 6,027,519; 6,024,748; 6,001,068; and 5,980,484. 

As can be seen by the various embodiments, there is preferably no interengaging of guide 
wires or instruments from each aperture site. In the current medical procedure, the wires or 
instruments from each aperture site are preferably not connected together or interengaged. 

Other embodiments of the present invention will be apparent to those skilled in the art 

20 from consideration of the specification and practice of the invention disclosed herein. It is 
intended that the specification and examples be considered as exemplary only, with a true scope 
and spirit of the invention being indicated by the following claims and equivalents thereof 


